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WHAT THIS PAPER ADDS
 Most rapid access TIA Clinics use the ABCD2 score to triage patients according to their predicted risk of suffering a stroke within the
next 7 days. This is because it is logistically impossible to see everyone with a suspected TIA within 24 h of referral. The current
study has shown that while a higher ABCD2 score may predict patients at highest risk of suffering an early stroke, it cannot be used
to predict whether patients will have an ipsilateral carotid stenosis >50% or occlusion.a r t i c l e i n f o
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Background: ‘Rapid Access’ TIA Clinics use the ABCD2 score to triage patients as it is not possible to see
everyone with a suspected TIA <24 h. Those scoring 0e3 are seen within seven days, while patients
scoring 4e7 are seen as soon as possible (preferably <24 h). It was hypothesized that patients scoring
4e7 would have a higher yield of signiﬁcant carotid disease.
Methods: Prospective study of correlation between Family Doctor (FD) or Emergency Department (ED)
ABCD2 score and specialist consultant Stroke Physician measured ABCD2 score and prevalence of 50%
ipsilateral carotid stenosis or occlusion in patients presenting with ‘any territory’ TIA/minor stroke or
‘carotid territory’ TIA/minor stroke.
Results: Between 1.10.2008 and 31.04.2011, 2452 patients were referred to the Leicester Rapid Access TIA
Service. After Stroke Physician review, 1273 (52%) were thought to have suffered a minor stroke/TIA. Of
these, both FD/ED referrer and Specialist Stroke Consultant ABCD2 scores and carotid Duplex ultrasound
studies were available for 843 (66%). The yield for identifying a 50% stenosis or carotid occlusion was
109/843 (12.9%) in patients with ‘any territory’ TIA/minor stroke and 101/740 (13.6%) in those with
a clinical diagnosis of ‘carotid territory’ TIA/minor stroke. There was no association between ABCD2 score
and the likelihood of encountering signiﬁcant carotid disease and analyses of the area under the receiver
operating characteristic curve (AUC) for FD/ED referrer and stroke specialist ABCD2 scores showed no
prediction of carotid stenosis (FD/ED: AUC 0.50 (95%CI 0.44e0.55, p ¼ 0.9), Specialist: AUC 0.51 (95%CI
0.45e0.57, p ¼ 0.78).
Conclusions: The ABCD2 score was unable to identify TIA/minor stroke patients with a higher prevalence
of clinically important ipsilateral carotid disease.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
The ABCD2 scoring system (an updated version of the ABCD
score which now includes an additional score for Diabetes) allowsurgery Group, Division of
, Leicester Royal Inﬁrmary,
3252; fax: þ44 116 2523179.
ylor).
ciety for Vascular Surgery. Publisheclinicians to triage patients suffering a suspected transient ischae-
mic attack (TIA) or minor stroke according to their predicted risk of
suffering a recurrent stroke within the hyperacute period after
onset of symptoms.1,2 The ABCD2 score ranges from 0e7.2 Age 60
years scores 1 point; Blood pressure140/90mmHg scores 1 point;
Clinical features of arm/leg weakness scores 2 points, while speech
impairment scores 1; Duration of symptoms score 2 for 60 min
and 1 for 10e59 min, while Diabetes scores 1 point.d by Elsevier Ltd. All rights reserved.
Table 1
Pattern of carotid disease in patients diagnosed as having suffered a minor stroke or
TIA by a Specialist Stroke Physician at the Rapid Access Clinic.
Pattern of carotid
disease
Any territory stroke
or TIA (n ¼ 843)
Carotid territory
stroke or TIA (n ¼ 740)
Bilateral 0e49% 734 (87%) 639 (86%)
Unilateral 50e99% 75 (8.9%) 69 (9.3%)
Bilateral 50e99% 16 (1.9%) 15 (2.0%)
Unilateral occlusion 11 (1.3%) 11 (1.5%)
Occlusion þ 50e99% 7 (0.8%) 6 (0.8%)
Bilateral occlusion 0 0
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Access TIA clinics around the world in order to triage the priority
with which patients are seen. This is because it is logistically
impossible to see every patient with a suspected TIA within 24 h.
The UK National Institute for Clinical Excellence (NICE)3 recom-
mends that patients with an ABCD2 score of 0e3 (1% predicted risk
of stroke at 7 days2) can be triaged to be seen within seven days of
symptom onset, while thosewith an ABCD2 score of 4e7 (10% seven
day risk of stroke2) should be seen within 24 h.3 In addition, it has
also been shown that carotid endarterectomy (CEA) confers
maximum beneﬁt if it is performed as soon as possible after onset
of symptoms.4 Awareness of the higher early risk of stroke after TIA
and that CEA confers maximum beneﬁt when performed as soon as
possible after onset of symptoms has led the drive towards inter-
national guidelines of practice recommending that, where-ever
possible, CEA should be performed within 14 days of onset of
symptoms.3,5,6
However, the ability to undertake CEA within 14 days depends
upon a number of factors, including; patient awareness of the need
to seek early medical advice; urgent referral by family doctors or
emergency departments to ‘Rapid Access TIA Clinics’ with single
visit imaging, while hospitals must reconﬁgure their surgical
priorities so as to be able to offer CEA as soon as possible.
The current study was undertaken to determine whether a high
ABCD2 score (4e7 versus 0e3) was associated with a signiﬁcantly
higher prevalence of clinically important ipsilateral carotid disease
(50% stenosis or occlusion). In addition, we wanted to determine
whether the yield was inﬂuenced by the person performing the
ABCD2 score (Family Doctor/Emergency Department Doctor or
Specialist Consultant Stroke Physician).
Materials and Methods
In October 2008, therewas amajor reconﬁguration of stroke/TIA
services within Leicestershire, so that all patients were now seen by
a Specialist Consultant Stroke Physician as soon as possible after
onset of symptoms.7 A dedicated ‘Rapid Access TIA Clinic’ was
established to which family doctors (FDs) and Emergency Depart-
ment (ED) Doctors could fax referrals. Each referral was triaged and
anyone scoring 0e3 on the referring ABCD2 score was allocated
a clinic appointment within seven days, whilst those scoring 4e7
were seen later the same day or the following morning.Table 2
Prevalence of>50% stenosis or occlusion in patients suffering an ‘any territory’ TIA/minor
measured by the referring Family Doctor (FD)/Emergency Department (ED) Doctor or Sp
N¼ þve for >50%
stenosis/occln
ABCD2 score 0e3 number (%)
positive for a carotid stenosis
Family/Emergency Doctor
0e3
Any territory CVA/TIA 843 109 (12.9%) 48/326 (14.7%)
Carotid territory CVA/TIA 740 101 (13.6%) 45/269 (16.7%)A specialist Consultant Stroke Physician assessed every patient
who attended the TIA Clinic and he/she completed an ABCD2 score
in any patient whose symptoms/signs suggested that the patient
had suffered a minor stroke or TIA (ie any patient whose symptoms
were not considered to represent a stroke or TIA were excluded
from this analysis). Patients with a diagnosis of suspected TIA/
stroke then underwent carotid Duplex Ultrasound using NASCET
based criteria (by an experienced Clinical Vascular Scientist) and
CT/MRI imaging of the head. On the basis of a review of the clinical
symptoms/signs and imaging features, the Stroke Physician then
determined whether the cerebrovascular event was likely to be
carotid territory or not.
The Leicestershire, Northamptonshire and Rutland Research
Ethics Committee advised that this study did not fall under the
remit of the NHS Research Ethics Committee as it was audit/service
evaluation. Data were collected in accordance with institutional
guidelines and anonymised prior to analysis. Statistical analyses
were performed using SPSS Version 17.0.
Results
Between 01.10.2008 and 30.04.2011, 2542 patients were
referred to the Leicester Rapid Access TIA Clinic. Following clinical
review by a specialist Consultant in Stroke Medicine, 1273 (52%)
were thought to have suffered a minor stroke/TIA and FD/ED
referrer and Stroke Specialist ABCD2 scores were available for 843
(66%). Of these 843 patients, 740 were thought to have suffered
a carotid territory event. Table 1 details the overall patterns of
carotid disease in patients with ‘any’ stroke or TIA (ie involving
either the carotid or vertebrobasilar territories) and those who had
suffered a probable carotid territory event. There was no signiﬁcant
difference in the distribution or nature of carotid disease between
the two categories of patient.
‘Any’ territory TIA/minor stroke
Table 2 details the prevalence of signiﬁcant carotid disease
relative to the ABCD2 score. Overall, 109/843 patients (12.9%) with
a diagnosis of TIA/minor stroke affecting either the carotid or ver-
tebrobasilar territory were found to have a50% carotid stenosis or
occlusion. The prevalence of signiﬁcant carotid disease in patients
with an ABCD2 score of 0e3 was 48/326 (14.7%) where the score
was made by the referring FD/ED and 39/277 (14.1%) where the
score was made by the Specialist Consultant Stroke Physician
(p¼ 0.91). The prevalence of signiﬁcant ipsilateral carotid disease in
patients with an ABCD2 score of 4e7 was 61/517 (11.8%) where the
score was made by the referring FD/ED and 70/566 (12.4%) where
the score was made by the Stroke Physician (p ¼ 0.78).
Carotid territory TIA/minor stroke
Following Stroke Physician review, 740 of the 843 TIAs/minor
strokes (88%) were thought to be carotid territory in origin and 101
(13.6%) were found to have an ipsilateral carotid stenosis 50% orstroke or ‘carotid territory’ TIA/minor stroke according to the presenting ABCD2 score
ecialist Stroke Physician.
>50% or occlusion
ABCD2 score 4e7 number
(%) positive for a carotid stenosis >50% or occlusion
Stroke Physician
0e3
Family/Emergency Doctor
4e7
Stroke Physician
4e7
39/277 (14.1%) 61/517 (11.8%) 70/566 (12.4%)
35/233 (15.0%) 56/471 (11.9%) 66/507 (13.0%)
Table 3
Correlation between ABCD2 score and severity of carotid disease in 101 patients
suffering a carotid territory event who had a signiﬁcant ipsilateral carotid stenosis or
occlusion.
Stenosis or occlusion ABCD2
0e3a
ABCD2
4e7a
50e69% 14 27
70e99% 23 20
Occlusion 8 9
Total 45 56
a The ABCD2 score was calculated by a Consultant Specialist in Stroke Medicine.
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disease in this category of patient. The prevalence of signiﬁcant
carotid disease in patients with an ABCD2 score of 0e3 was 45/269
(16.7%) where the score was made by the referring family doctor
and 35/233 (15.0%) where the score was made by the Specialist
Stroke Physician (p ¼ 0.63). The prevalence of signiﬁcant carotid
disease in patients with an ABCD2 score of 4e7 was 56/471 (11.9%)
where the score was made by the referring family doctor and 66/
507 (13.0%) where the score was made by the Stroke Physician
(p ¼ 0.63).
Analyses of the area under the receiver operating characteristic
curve (AUC) for the family doctor and Stroke Physician ABCD2
scores (Fig. 1) showed no prediction of carotid stenosis (Family
Doctor: AUC 0.50 (95%CI 0.44e0.55, p ¼ 0.9), Stroke Physician: 0.51
(95%CI 0.45e0.57, p ¼ 0.78)).
ABCD2 score and severity of stenosis
Table 3 correlates the ABCD2 score with severity of carotid
stenosis and shows that there was no evidence that a higher ABCD2
score was associated with a higher prevalence of more severe
categories of stenosis (eg 70e99% or occlusion) in patients with
carotid territory symptoms.
Discussion
There is now much greater awareness that the risk of stroke in
the hyperacute period after onset of TIA or minor stroke is much
higher than previously thought.2 This, in conjunction with recog-
nition that carotid endarterectomy (CEA) confers maximal beneﬁt if
performed as soon as possible after onset of symptoms4 and that
rapid institution of best medical therapy can reduce the 90 day risk
of stroke by 80%8 has led the current drive towards radically
reconﬁguring the way that patients with symptomatic cerebro-
vascular disease are investigated and treated.
The ABCD score,1 updated to the ABCD2 scoring system in 20072,
uses simple bedside criteria for determining who is likely to be at
greater (or lesser) risk of suffering a recurrent stroke in the early
time period after onset of symptoms. Patients with an ABCD2 score
of 0e3 incur a 1% risk of stroke at 7 days, whilst those scoring 4e7Figure 1. Receiver Operating Characteristic curve (AUC) for referrer and stroke
specialist ABCD2 scores showing no prediction for carotid stenosis (FD/ED: AUC 0.50
(95%CI 0.44e0.55, p ¼ 0.9), Stroke Specialist: AUC 0.51 (95%CI 0.45e0.57, p ¼ 0.78)).
ED/FD ¼ ABCD2 score compiled by referring family doctor or emergency doctor;
SS ¼ ABCD2 score calculated by a specialist consultant in stroke medicive.face the prospect of a 10% risk of stroke.2 However, approximately
half of all patients referred to TIA Clinics will not have suffered a TIA
or minor stroke (52% in the current study) and it is logistically
impossible to assess and image every referred patient within 24 h.
As a consequence, national and international guideline groups
recommend that the ABCD2 score be used as an objective means of
triaging patients as soon as possible after onset of symptoms.3
Relatively few published studies have evaluated the relationship
between the ABCD2 score and the likelihood of ﬁnding clinically
important carotid disease (ipsilateral 50% stenosis or occlusion).
This is an important issue to clarify as Ois et al. showed that
patients presenting with a TIA and a 50e99% ipsilateral carotid
stenosis incurred a 17% risk of recurrent stroke at 72 h, increasing to
22% at 7 days.9 Intuitively, therefore, one might have anticipated
that patients with ABCD2 scores of 4e7 would be more likely to
have a higher yield of signiﬁcant carotid disease, but the current
study has found this not to be the case. Not only was there no
association between ABCD2 score (0e3 versus 4e7) and the
subsequent yield of carotid disease, but the yield did not appre-
ciably increase when analyses speciﬁcally looked at patients with
suspected carotid territory events only. In addition, the study
showed that higher ABCD2 scores were not associatedwith a higher
prevalence of more severe categories of stenosis (70e99%) or
occlusion (Table 3). One likely explanation for the 15% yield of
signiﬁcant carotid disease in patients with an ABCD2 score of 0e3 is
that this cohort of patients will include many of those presenting
with retinal symptoms as these will automatically score ‘0’ on the
clinical symptoms scale while arm/leg weakness score ‘2’ and
speech problems ‘1’.
A limited number of published studies have observed similar
ﬁndings (Table 4), although this is the ﬁrst to have determined
whether yield was inﬂuenced by the type of doctor completing the
ABCD2 score and whether higher ABCD2 scores were associated
with more severe stenoses or occlusions. Apart from Sheehan’s
study,12 the yield for identifying signiﬁcant carotid disease was
9e13% in patients presenting with ‘any territory stroke or TIA and
an ABCD2 score of 0e3, increasing to 12e16% for those with an
ABCD2 score of 4e7. What is slightly more difﬁcult to explain is that
when one only considered patients with carotid territory events,
there was no evidence of an appreciable increase in yield. In thisTable 4
Prevalence of carotid stenosis >50% in patients with Stroke Physician conﬁrmed TIA
and/or minor stroke, stratiﬁed for ABCD2 score.
Author n¼ Presenting symptom ABCD2 ABCD2
0e3 4e7
Merwick10 1232 Any territory TIA 16.0%
Schrock11 125 Any territory TIA 15.2%
Sheehan12 443 Any territory TIA 22.3% 24.7%
Amarenco13 1176 Any territory TIA/CVA 9.1% 13.7%
Walker 843 Any territory TIA/CVA 14.1% 12.4%
Walker 740 Carotid territory TIA/CVA 15.0% 13.0%
Koton14 220 Carotid territory TIA 10.9% 13.9%
J. Walker et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 495e498498respect, Koton’s study14 was very similar to the current one in
showing that the yield for ﬁnding a 50% stenosis or occlusion in
patients suffering a probable carotid territory TIA/minor stroke in
association with an ABCD2 score of 4e7 was only 13e15%.
The ABCD2 scoring system has been validated and shown to
predict a clinical cohort of patients who present with a TIA andwho
face a higher risk of recurrent stroke in the ﬁrst seven days after
onset of symptoms. However, the prognosis predicted by the ABCD2
score relates to all stroke aetiologies (cardiac embolism, lacunar
stroke etc) and not just those secondary to carotid disease. The
current study was unable to perform subgroup analyses stratiﬁed
for the type and mode of presentation (eg TIA versus minor stroke;
retinal versus hemispheric symptoms; actual delays from symptom
onset to being seen in the TIA clinic), nor the type of carotid plaque
(echolucent etc). It is, of course, possible that an otherwise
unknown cohort of patients with an ABCD2 of 4e7 in the presence
of signiﬁcant carotid disease suffered a stroke very shortly after
suffering their index TIA and either died or were not referred for
surgery. Despite the fact that almost 80% of our recently symp-
tomatic patients currently undergo CEA <14 days of onset of their
symptoms7 (45% within 7 days), this remains a possibility as was
observed by Ois et al.9
The question therefore remains as to how the results of this
study should inﬂuence practice? Until more detailed prospective
studies advise to the contrary, it would seem appropriate to
continue to triage patients according to established criteria using
the ABCD2 score. The purpose of a rapid access TIA clinic is to
prevent stroke of any aetiology and while (for surgeons), the
detection of the 10e15% of TIA patients with signiﬁcant carotid
disease is important, the policy does seem to identify a much larger
(and equally) important subgroup of patients who would beneﬁt
from rapid institution of best medical therapy to prevent early
recurrent stroke. It will, however, mean that 10e15% of patients
with an ABCD2 score of 0e3 in the presence of an ipsilateral
50e99% stenosis will incur up to seven days additional delay before
being diagnosed and submitted to surgery.
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